WRIGHT AIR DEVELOPMENT CENTER
I. PURPOSE OF THE STUDY
This report is the seventh in a series of investigations of pilots' eye movements during instrument flight. Measurements were made of the frequenoy, duration, and sequence of eye movements during day and night GCA approaches using a new instrument panel arrangement. These data were desired for the purpose of investigating (1) the differences between day and night conditions, and (2) the effects of relocation of the instruments. For the latter investigation the data of the present study were supplemented by similar data collected previously under day conditions using the standard Air Force instrument panel (5)« The experimental panel, with the relocation of the instruments, is shown in Figure 1 . The results for GCA only are presented in this report. Data collected on ILAS approaches while using the experimental panel have already been published (7)» Data on maneuvers such as turns and straight and level flight will be presented in future reports. Similar data obtained while using the standard panel are covered in reports already published (1, 5) • For purposes of comparison some of the standard panel data are included in this report.
II. APPARATUS AND PROCEDURE
The apparatus and procedure used in this experiment were essentially the same as those described in detail in another report (3) . The following is a brief review of the reoording techniques, flight procedures, and the variations necessary for accomplishing the present study. The face and eyes of the pilot were photographed as they were reflected in a rectangular mirror attached to the instrument panel ( Figure 2 ). A stop watch mounted near the pilot's head was photographed through a second mirror attached to the instrument panel. Speed of the camera was eight frames per second. The subject wore a special instrument flying hood which restricted his vision to the interior of the oock-pit. Infrared photography was used to obtain eye movement records at night. The infrared lamps shown in Figure 1 were fooused on the pilot's face. These lamps provided sufficient light for the very fast film used in this part of the study but did not interfere with the pilot's normal night vision.
Flight Prooedurest Hiotographs were taken at the beginning of each flight with the pilot looking directly at each instrument. Reference slides were later made from these photographs to aid in analyzing the film records. Eaoh pilot's eye movements were photographed during one GCA approach in the daytime and one at night. A two minute sample was obtained of each approach. The camera was started shortly after the aircraft passed over the outer marker, approximately four miles from the touchdown point, and was stopped at the end of two minutes. This two minute sample covered almost the entire approach.
III. DESCRIPTION OF THE SUBJECTS
The subjects in this experiment were fifteen instructor pilots from the USAF Instrument Pilot Sohool then looated at Barksdale Air Foroe Base, Louisiana. The reoord of flying experience for these subjects is given in Table I . The average age of the pilots was 29. Their total flying time averaged 28l*S hours and instrument flying time (hood plus weather) averaged 305 hours. They had an average of 135 (practice plus actual) GCA approaches. Table II shows the number of frames of photography that were read identically by the two film scorers. When the records were read independently agreement was 90.1+ per cent on the day film and 90»3 per oent on the night film. Most of the disagreement involved film that was difficult to read because of poor photography, or the few frames of film which showed the pilots' eyes in the process of moving from one instrument to another. The two scorers together viewed the parts of the film on which they were in disagreement. After this second analysis the scorers reached agreement on 99*3 P 83 * cent of the day film and 99*7 per cent of the night film.
A tabulation of the groups of successive frames identified as a fixation on a given instrument provided the number of fixations made on that instrument during the two minute period. This number was converted to fixations per minute using as the divisor the time interval within which the fixations actually occurred. The total number of frames involved in movement to and fixation on a given instrument was divided by the number of fixations in order to find the average time per fixation oyole. An average number of fixations per minute and an average time per fixation cycle were thus derived for eaoh subject with respect to each instrument. These individual subject means were used as the "raw soores" from which the statistics presented in this report were calculated. In other words, the means presented here are the means of subject means, etc.
B. Day and Night GCA Approaches with the New Panels Number of Fixations. Means, standard deviations (root mean square variations), "t" ratios and correlation coefficients of number of fixations per minute are summarized in Table III and Figures 3 and I4* Of the 99. fixations per minute made by the average pilot during day GCA approaches, 81+were on the directional gyro, vertical speed, gyro horizon, and air speed. The altimeter, engine instruments, and cross-pointer were fixated an average of 5» 3» and 1 times respectively. The turn and bank indicator was fixated an average of less than 1 time per minute.
During the night GCA approaches the directional gyro, vertical speed, air speed, and gyro horizon were again the most looked at instruments receiving 63 of the total of &1 fixations. The altimeter was fixated an average of 6 times per minute, the cross-pointer 2 times, the engine instruments 1 time, and the turn and bank less than 1 time per minute.
With the exoeption of the cross-pointer and altimeter all instruments were fixated more often during the day GCA than at night. The "t" ratio for the total of all fixations, the directional gyro, the vertical speed and the engine instruments are significant at the 1 per oent level of confidence. The "t n for the gyro horizon is significant at the 5 P e *° cent level of confidence while the "ts" for the remaining instruments are not significant. Correlation coefficients for air speed, directional gyro, and turn and bank are significant at the 1 per cent level of confidence and correlations for vertical speed and total fixations are significant at the 5 P er cent level.
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5 (1) The total fixations are based on all frames of photography including those few fixations that were on objects other than the instruments. 
Length of Fixation Cycle, Means and standard deviations for average length of fixation cycle on each instrument are given in Table IV and Figures 3 and I4 ..
In the remainder of this report the terms "fixation oycle" , "fixation time" and "length of fixation" will be considered synonymous. Table IV presents the mean duration of the Fixations which were made on each instrument. Subjects who did not fixate a given instrument were not included in the calculation of the mean fixation time for that instrument.
During day GCA the longest fixation time, 1,13 seoonds, was on the engine instruments, and the next longest fixation, 0.9*$ second was on the directional gyro. The air speed, gyro horizon, and vertical speed were next averaging approximately 0,50 second. Fixations on the remaining instruments were somewhat shorter. The average fixation on the altimeter was O.36 second, the turn and bank 0.29 second, and the cross-pointer 0.1S second. The average of all fixations was 0.66 second.
During night GCA the directional gyro with I.2I4. seconds was fixated longest, and the engine instruments were next with 1,00 second. The average fixation time on the air speed was 0.70 second, and 0,69 second on the vertical speed. The remaining fixation times were 0.5U second on the gyro horizon, 0.143 second on the altimeter, O.36 second on the cross-pointer, and 0.18 seoond on the turn and bank. The average length of all fixations during night GCA was 0.77 second.
Comparisons of day and night approaches are shown in Table V . Number of subjeots, mean length of fixation times, and standard deviations for some of the instruments differ from those shown in Table IV . For comparison purposes "t n ratios and correlation coefficients were computed for only those subjects who fixated an instrument during both day and night conditions. Fixation time on the engine instruments was longer during day GCA than during night GCA, All of the remaining fixation times were longer at night. The "t n ratios for air speed, cross-pointer and vertical speed are significant at the 1 per cent level of confidence.
Correlation coefficients for eaoh of the instruments are also shown in Table V . The correlation for gyro horizon is significant at the 1 per cent level. The remaining correlations are not significant.
Total Time Allotted to Eaoh Instrument» The percentage of the total available time that was spent in looking at each instrument was calculated by using the length of fixation time and the number of fixations on eaoh instrument. During both day and night GCA, the pilots spent more of the available time observing the directional gyro and the vertical speed than any of the other instruments, (Figures 3 and I|. ) These two instruments accounted for 62 per cent of the available time during the day GCA and 67 per cent at night. The order of relative importance of the instruments according to the amount of time spent on each during day GCA is as follows 1 (l) directional gyro, (2) vertical speed, (3) gyro horizon, (U) air speed, (5) engine instruments, (6) altimeter, (7) cross-pointer, AFTR-6709 (1) The number of subjects varies because some of the pilots did not look at all of the instruments.
(2) The average of all fixations is based on all frames of photography including those few fixations that were on objects other than the instruments.
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(2) The average of all fixations is based on all frames of photography including those few fixations that were on objects other than the instruments. and (S) turn and bank. The order for night GCA is the same except that air speed and gyro horizon exchange positions and altimeter and engine instruments exchange positions in the order.
Relation Between Frequency of Use and Speed of Checking Instruments. Table VI shows the correlation coefficients for number of fixations versus length of fixations for each instrument under both day and night conditions. For both day and night GCA the correlations for the directional gyro and the total are significant at the 1 per cent level of confidence. Also, for night GCA correlations for the cross-pointer and the gyro horizon are significant at the 5 P er oent level of confidence. These correlations indicate that pilots who made more fixations on the directional gyro during the day GCA and on the cross-pointer and directional gyro during night GCA also made significantly shorter fixations on those instruments. Conversely, pilots who made more total fixations during both day and night and more fixations on the gyro horizon during night GCA also made significantly longer fixations than did pilots who made fewer fixations.
The correlation between average number and average length of fixation for all instruments combined is not -1.0 because fractional fixations at the ends of record samples were not considered.
Fixation Sequence and Eye Movement Link Values. The frequencies of eye movements between instruments that occurred during GCA approaches are listed by pairs in Table VII for day and Table VIII for night GCA approaches. Four fixation sequences (both directions between two instruments) accounted &r the majority of all eye movements made under either day or night conditions. These sequence pairs (between directional gyro and vertical speed, between directional gyro and gyro horizon, between directional gyro and air speed, and between vertical speed and gyro horizon) accounted for 63 per cent of the eye movements during day approaches and 6I4. per cent of the eye movements during night approaches. The greatest frequency of eye movements occurred between the direotional gyro and vertical speed which accounted for 29 per cent of the 2722 eye movements during day approaches and 31 P^r cent of the 203U eye movements during night approaches.
The strength of the bond (eye movement link value) between any two instruments based on the percentage of eye movements in either direction between the instruments is shown in Figure (5 ) for day and Figure (6) for night approaches. The relative strength of the bonds among the instruments is about the same for both day and night approaches. The outstanding difference is a strengthening of the directional gyro -air speed bond during night approaches mainly at the expense of the direotional gyrogyro horizon bond. Thi3 increased emphasis on the air speed at night was also found to be true during ILAS approaches (8). A/S -X/P • * Significant at the 5 P©r oent level of confidence. (1) The cross-pointer was not fixated on the standard panel, therefore, no comparison can be made.

** Significant at the 1 per oent level of confidence. * Significant at the 5 P 61 " cent level of confidence. (1) The number of subjects varies beoause some of the pilots did not look at all of the instruments.
(2) The cross-pointer was not fixated on the standard panel, therefore no comparison can be made.
(3) The average of all fixations is based on all frames of photography including those few fixations that were on objects other than the instruments. 
V. DISCUSSION OF RESULTS
A. Day and Night GOA.
Comparison of the overall results for day and night GCA approaches reveals, in general, approximately the same differences as those obtained under similar conditions during ILAS approaches (8) . The pilots made significantly more fixations during day GCA than during night GCA. With the exoeption of the engine AFTR-6709instruments, fixation times on eaoh of the instruments and the average for all fixations were shorter during day approaohes. The differences for the air jpeed, vertical speed and oross-pointer are significant. As was pointed out in the ILAS report (8) , one probable reason for this difference is that the low level of illumination in the cockpit at night makes it necessary for pilots to fixate the instruments longer in order to interpret them. Within a definite time period an increase in the length of fixations must result in a decrease in the number of fixations.
The data presented in Figures 3 & nd l\ indioate no important changes in the distribution of time among the various instruments between night and day conditions. The same instruments which received the greatest emphasis during day GCA, the air speed, gyro horizon, directional gyro, and vertical speed, also received the greatest emphasis at night. The link values between the directional gyro and the air speed, the directional gyro and the gyro horizon, and the direotional gyro and the vertical speed further indioate the importance of these four instruments during GCA approaohes.
These results coupled with the findings that the optimal spaoing between the most frequently used instruments is short and horizontal (2) , and that in rapid check reading of an instrument group the upper instruments tend to be fixated first, and more frequently (7), would indioate that this panel arrangement oould be improved on for GCA approaohes. It is also true that the oontrol column in most airoraft interferes with the pilot's view of some of the instruments on the lower part of the panel.
It is interesting to note that the oross-pointer instrument, which was not operative during GCA, still received a few short fixations. This can probably be accounted for by the fact that the cross-pointer was looated directly in front of the pilot and between the air speed and gyro horizon which were fixated frequently.
B. GCA Approaohes When Using Both the Standard and Hew Panels.
On the basis of the two experiments reported herein it would seem that the same four instruments would be the primary ones for GCA approaohes regardless of limited ohanges in the way those instruments are arranged on the panel. The position of the instruments, however, does appear to determine to some extent the relative use that eaoh will receive. This finding was true also in the case of ILAS approaches (2>). The fact that during GCA approaohes the air speed and turn and bank were fixated significantly more often on the standard panel is probably because of the favorable locations of those instruments on the standard panel. On the standard panel the air speed was looated adjacent to and on the same horizontal line as the direotional gyro, whioh, as revealed by the link values, is the most frequent cross-check between the air speed and other instruments. The turn and bank receives relatively few fixations in either case, and when it is moved to the extreme lower right position among the flight instrument group on the new panel the pilots fixate it less than 1 time per minute. The increased number of fixations on the vertical speed on AFTR-6709the new panel nay be the result of training techniques as well as its location adjacent to and on a horizontal line with the most frequently fixated instrument, the directional gyro. During the period between the completion of the study using the standard panel and the study using the new panel, the Air Foroe Instrument School put increased emphasis on the use of the vertical speed indicator. The instrument instructors at the school who were subjects in both experiments predicted that the vertical speed would be used more often in the second study.
Considering the results of other studies which show that the optimal spacing between the most used instruments is short and horizontal (2), and that in rapid check reading the upper instruments tend to be fixated first and more frequently (7), the standard panel represents a better panel arrangement for GCA approaches than the new panel. The results of the ILAS study (3) showed the new panel was an excellent arrangement for that type approach. The favorable position of the cross-pointer on the new panel is probably not justified considering that it is not operative during CGA and instrument flight at altitude. The new panel would probably be an excellent arrangement of instruments if there were wide spread use of an instrument of the Zero Reader type which would be substituted for the cross-pointer and used for instrument flight at altitude &z well as for approaches. A current eye movement study using the Zero Reader will reveal the amount of attention given to the instrument during oertain maneuvers.
VI. SUMMARY
Reoords were obtained of the frequenoy, duration, and sequence of eye fixations of fifteen USAF pilots while flying GCA approaches under simulated instrument conditions. Comparisons were made between fixation patterns produced during day approaches and night approaches and between fixation patterns produced while using the standard panel arrangement and a new panel arrangement. It was found thati 1. Fixations involving the same four instruments (the air speed, directional gyro, the gyro horizon, and the vertioal speed) accounted for over 85 per oent of the available time during GCA regardless of whioh condition was being investigated.
2. The relative amount of use received by each of these four instruments was not affected by the difference between day and night conditions but was affected by the difference between panel arrangements. ioant differences in the case of some of the individual instruments. Differences in lengths of fixations between the standard panel and the new panel were not significant in any case.
5» For all conditions investigated the cross-checking pattern, which is revealed by the eye movement link values, showed that the strongest links were between the four most used instruments.
6. On the basis of the findings of this experiment and from the results of other instrument reading experiments, the standard panel appears to represent a better arrangement of instruments than the new panel for GCA approaches.
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